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Abstract

We studytheorigin of theTransverseEmittanceFluctuations asmeasuredby Tevatron Flying Wire
Horizontal Detectorat E11location.We conclude, thatthefluctuationsarecorrelatedwith thedirec-
tion of thewire flight.

1 Introduction

WestudyTevatron TransverseEmittancemeasurementsdoneusingFlying Wire (FW) (Seeref [2]) Detector. TheFlying Wires
wereusedto measurethetransversebeamspread.TheSampledBunchDisplay(SBD)systemwasusedto measurelongitudinal
beamspread.

2 Data Selection

The storesfor this analysis wereselectedfrom Spring2003running period whenThe FW freshnessnumber (ACcelerator
NETwork (ACNET)variableT:FWFRSH)wasnotresetsothatonecouldassumeaoneto onecorrelationbetweenthefreshness
numberparityandthedirection of flight of thedetector wire. Therequirementresultedin storerange2426-2546. TheTevatron
Casechosenfor analysiswas“Inject Protons” (with thebeamenergy of 150GeV) asthis is oneof thecaseswherethesame
bunchesaremeasuredfor eachparityof thefreshnessnumber. Theotherrequirementsimposedon thedatawere:

1. TheFW freshnessnumber in Case“Initiate Collisions” hadto nonzeroandbeincrementedby at leastonewith respect
to a previousCaseSet(except for Set1 whereit wasrequiredto begreaterthan0 only);

2. TheTransverseEmittance asmeasuredby theFW E11Detector(combinedwith SBD datain thehorizontalcases)had
to bebetween0 and50(π � mm � mrad

�
(to avoid bothnonphysicalor difficult to measurecases);

3. thebunchwidth sigmahadto correspondto theemittancereportedby theFrontEndsystemwithin 10%to rejectcases
with dataaquisitionproblems;

4. bunch numberhadto besmallerthan35 to rejectbunchesmeasuredonly once;

3 Emittance calculations

Thefollowing formulaswereusedto calculatetheHorizontalandVertical(Normalized)Emittances:

εh � 6

�
σ2 ��� δp

p

� 2D2 � γL

β
εv � 6σ2 γL

β

where
δp � δt � � 83	 293 
 δt � ��� 10 	 562 
 δt � 0 	 8023

��� � Seeref  1� �
δt is theT:SBD[A,P]SSACNET variable (longitudinal beambunch spreadin ns), p is thebeammomentum in GeV, γ L is the
Lorentzgamma,σ arebunchwidthasmeasuredbyeachof thedetectors(ACNETvariablesT:SL[A,P]S[H,V], T:FW[H,V,E][A,P]SG).
In theFW casethewidth is thearithmeticaverage of thetwo measurements (for bothof thewire passestrough thebeam).The
dispersion(D) andβ latticefunctionsusedfor E11,E17,C11(location of theSL detector)areshown in Table1.
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Detector betaFunction[m] dispersionFunction[m]
FW E11H p & p 80.161 2.030
FW E11V p & p 80.804
FW E17H p & p 68.157 5.278

SL C11H p 50.005 1.517
SL C11H p 34.040 1.182
SL C11V p 107.862
SL C11V p 101.648

Table1: Tevatronbetaanddispersion functionsfor correspondingmeasurementlocations

4 Emittance Measurement Dependence on Direction of Wire Flight

Theplotson Fig 1 show sigmaandcentroidfor Horizontal Flying Wire Detectorat theE11location. Onecanclearlyseethat
thevalueof bothsigmaandcentroiddepend onthedirectionof theflight of thewire. Thesizeof theeffect is about50µm. The
resultingeffecton theemittanceis about 10%(Fig 6).

The other two detectors do not exhibit suchbig measurement discrepancies (seeFig 7–18). There is a hint of a flight
directiondependencein theE17detectoremittanceplot (Fig 12)but thesizeof theeffect is only about3%for given emittances.

Theplotsof theremainder of thebunchnumber(0-35) dividedby two versustheremainder of Flying Wire DataFreshens
variable dividedby two shown in Fig 6, 12, 18 show that for thegivencollectionof storestherewasno correlation between
bunchnumberparityandthedirection of flight.

5 Flying Wire Pass One and Pass Two Data Dependence on Direction of Wire
Flight

TheplotsonFig2and3show passoneandpasstwosigmaandcentroid for HorizontalFlyingWireDetectorattheE11location.
In thecaseof thisdetectorpassoneandpasstwo distributionaresimilar to theaveragedistributionsfrom Fig 1. Corresponding
distributions for E17Horizontal Flying Wire DetectorandE11VerticalDetectorareshown on Fig 8,9andFig 14,3. It looks
like in thecaseof theE11VerticalDetectorthepassonedistributionsfor different freshnessparity areshiftedin theopposite
way comparedto passtwo distributions whereas E17Horizontal Detectordistributionsseemto beslightly shiftedin thepass
onecase.

PlotsonFig 4 show differencesbetweenpasstwo andpassonesigmasandcentroids for Horizontal Detectorat E11.They
do not seemto depend on the directionof the flight of the wire. Plotson Fig 4 show differencebetweenpasstwo andpass
onesigmasversusdifferencebetweenpasstwo andpassonecentroids for all flight directionsandfor eachdirectionseparately.
Thereseemsto benocorrelation betweenthevariablesonthelaterplots.

Similarplotsfor E17Horizontal andE11VerticalDetectorsareshown of Fig 10–11andFig 16–17. Here,in bothcasesthe
sigmadifferencedependson thewire flight direction. E11Verticaldetectoris theonly detectorwherethecentroidpasstwo
passonedifferencedistribution dependson thewire flight direction andexhibits annonbell like peakstructure.

6 Conclusions

Giventheabove,weconclude,thattheemittancefluctuationsasmeasuredby theE11Flying Wire Detectoraredueto adetector
effectandarecorrelatedwith thedirection of thewire flight.
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Figure1: Protonbeam,horizontaldetector:Performanceof theFlying Wire Detectorat theE11locationduring TevatronInject
Protoncase:sigmaof thebunchwidth distribution (in mm) of theFW detector (basedon theT:FW[E,H,V][A,P]SEACNET
variable) versusthe remainder of Flying Wire Data Freshness variabledivided by two (basedon the T:FWFRSHACNET
variable); sigmaof the bunch width distribution (in mm) for odd valuesof DataFreshnessin black and for even valuesof
DataFreshnessin red; bunchcentroid(in mm) position(basedon theT:FW[E,H,V][A,P]CE ACNET variable)versusversus
theremainderof Flying Wire DataFreshnessvariable dividedby two; bunchcentroid (in mm) positionfor oddvaluesof Data
Freshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure2: Protonbeam,horizontaldetector:Performanceof theFlying Wire Detectorat theE11locationduring TevatronInject
Protoncase:passonesigmaof thebunch width distribution (in mm) of theFW detector (basedon theT:FW[E,H,V][A,P]SE
ACNET variable) versusthe remainder of Flying Wire Data Freshnessvariable divided by two (basedon the T:FWFRSH
ACNET variable); passonesigmaof thebunchwidth distribution (in mm) for oddvaluesof DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red;bunchpassonecentroid(in mm) position(basedon theT:FW[E,H,V][A,P]CEACNET
variable) versus versustheremainderof Flying Wire DataFreshnessvariabledividedby two; bunchpassonecentroid(in mm)
positionfor oddvaluesof DataFreshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure3: Protonbeam,horizontaldetector:Performanceof theFlying Wire Detectorat theE11locationduring TevatronInject
Protoncase:passtwo sigmaof thebunchwidth distribution (in mm) of theFW detector(basedon theT:FW[E,H,V][A,P]SE
ACNET variable) versusthe remainder of Flying Wire Data Freshnessvariable divided by two (basedon the T:FWFRSH
ACNET variable); passtwo sigmaof thebunchwidth distribution (in mm) for oddvaluesof DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red;bunch passtwo centroid(in mm) position(basedon theT:FW[E,H,V][A,P]CE ACNET
variable) versusversustheremainderof Flying Wire DataFreshnessvariabledividedby two; bunchpasstwo centroid (in mm)
positionfor oddvaluesof DataFreshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure4: Proton beam,horizontal detector:Performanceof the Flying Wire Detectorat the E11 locationduring Tevatron
Inject Proton case:sigmapassoneminuspasstwo of thebunch width distribution (in mm) of theFW detector(basedon the
T:FW[E,H,V][A,P]SEACNET variable) versusthe remainderof Flying Wire DataFreshnessvariabledividedby two (based
ontheT:FWFRSHACNETvariable); sigmapassoneminuspasstwo of thebunch width distribution(in mm) for oddvaluesof
DataFreshnessin blackandfor evenvaluesof DataFreshnessin red;bunch centroidpassoneminuspasstwo (in mm) position
(basedon the T:FW[E,H,V][A,P]CE ACNET variable) versusversusthe remainder of Flying Wire DataFreshnessvariable
divided by two; bunchcentroid passoneminuspasstwo (in mm) positionfor oddvalues of DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red.
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Figure5: Proton beam,horizontal detector:Performanceof the Flying Wire Detectorat the E11 locationduring Tevatron
Inject Protoncase: sigmapassoneminuspasstwo of the bunchwidth distribution (in mm) of the FW detector(basedon
the T:FW[E,H,V][A,P]SE ACNET variable) versusbunchcentroidpassoneminuspasstwo (in mm) position(basedon the
T:FW[E,H,V][A,P]CE ACNET variable); sigmapassoneminuspasstwo of thebunchwidth distribution (in mm) of theFW
detector(basedontheT:FW[E,H,V][A,P]SEACNETvariable)versusbunchcentroid passoneminuspasstwo (in mm) position
(basedontheT:FW[E,H,V][A,P]CEACNETvariable) for evenvaluesof FlyingWire DataFreshness(basedontheT:FWFRSH
ACNET variable); sigmapassone minus passtwo of the bunchwidth distribution (in mm) of the FW detector(basedon
the T:FW[E,H,V][A,P]SE ACNET variable) versusbunchcentroidpassoneminuspasstwo (in mm) position(basedon the
T:FW[E,H,V][A,P]CE ACNET variable)for odd valuesof Flying Wire DataFreshness(basedon the T:FWFRSHACNET
variable).
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Figure6: Protonbeam,horizontaldetector:Performanceof theFlying Wire Detectorat theE11locationduring TevatronInject
Protoncase:bunchemittance(in π � mm � mrad

�
versustheremainder of Flying Wire DataFreshnessvariabledividedby two

(basedon theT:FWFRSHACNETvariable); bunch emittance (in π � mm� mrad
�

for oddvaluesof DataFreshnessin blackand
for evenvalues of DataFreshnessin red;bunchemittance(in π � mm � mrad

�
versusstorenumber; theremainderof thebunch

number (0-35) dividedby two versustheremainder of Flying Wire DataFreshnessvariabledividedby two.
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Figure7: Protonbeam,horizontaldetector:Performanceof theFlying Wire Detectorat theE17locationduring TevatronInject
Protoncase:sigmaof thebunchwidth distribution (in mm) of theFW detector (basedon theT:FW[E,H,V][A,P]SEACNET
variable) versusthe remainder of Flying Wire Data Freshness variabledivided by two (basedon the T:FWFRSHACNET
variable); sigmaof the bunch width distribution (in mm) for odd valuesof DataFreshnessin black and for even valuesof
DataFreshnessin red; bunchcentroid(in mm) position(basedon theT:FW[E,H,V][A,P]CE ACNET variable)versusversus
theremainderof Flying Wire DataFreshnessvariable dividedby two; bunchcentroid (in mm) positionfor oddvaluesof Data
Freshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure8: Protonbeam,horizontaldetector:Performanceof theFlying Wire Detectorat theE17locationduring TevatronInject
Protoncase:passonesigmaof thebunch width distribution (in mm) of theFW detector (basedon theT:FW[E,H,V][A,P]SE
ACNET variable) versusthe remainder of Flying Wire Data Freshnessvariable divided by two (basedon the T:FWFRSH
ACNET variable); passonesigmaof thebunchwidth distribution (in mm) for oddvaluesof DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red;bunchpassonecentroid(in mm) position(basedon theT:FW[E,H,V][A,P]CEACNET
variable) versus versustheremainderof Flying Wire DataFreshnessvariabledividedby two; bunchpassonecentroid(in mm)
positionfor oddvaluesof DataFreshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure9: Protonbeam,horizontaldetector:Performanceof theFlying Wire Detectorat theE17locationduring TevatronInject
Protoncase:passtwo sigmaof thebunchwidth distribution (in mm) of theFW detector(basedon theT:FW[E,H,V][A,P]SE
ACNET variable) versusthe remainder of Flying Wire Data Freshnessvariable divided by two (basedon the T:FWFRSH
ACNET variable); passtwo sigmaof thebunchwidth distribution (in mm) for oddvaluesof DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red;bunch passtwo centroid(in mm) position(basedon theT:FW[E,H,V][A,P]CE ACNET
variable) versusversustheremainderof Flying Wire DataFreshnessvariabledividedby two; bunchpasstwo centroid (in mm)
positionfor oddvaluesof DataFreshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure10: Proton beam,horizontal detector:Performanceof the Flying Wire Detectorat the E17 locationduring Tevatron
Inject Proton case:sigmapassoneminuspasstwo of thebunch width distribution (in mm) of theFW detector(basedon the
T:FW[E,H,V][A,P]SEACNET variable) versusthe remainderof Flying Wire DataFreshnessvariabledividedby two (based
ontheT:FWFRSHACNETvariable); sigmapassoneminuspasstwo of thebunch width distribution(in mm) for oddvaluesof
DataFreshnessin blackandfor evenvaluesof DataFreshnessin red;bunch centroidpassoneminuspasstwo (in mm) position
(basedon the T:FW[E,H,V][A,P]CE ACNET variable) versusversusthe remainder of Flying Wire DataFreshnessvariable
divided by two; bunchcentroid passoneminuspasstwo (in mm) positionfor oddvalues of DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red.
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Figure11: Proton beam,horizontal detector:Performanceof the Flying Wire Detectorat the E17 locationduring Tevatron
Inject Protoncase: sigmapassoneminuspasstwo of the bunchwidth distribution (in mm) of the FW detector(basedon
the T:FW[E,H,V][A,P]SE ACNET variable) versusbunchcentroidpassoneminuspasstwo (in mm) position(basedon the
T:FW[E,H,V][A,P]CE ACNET variable); sigmapassoneminuspasstwo of thebunchwidth distribution (in mm) of theFW
detector(basedontheT:FW[E,H,V][A,P]SEACNETvariable)versusbunchcentroid passoneminuspasstwo (in mm) position
(basedontheT:FW[E,H,V][A,P]CEACNETvariable) for evenvaluesof FlyingWire DataFreshness(basedontheT:FWFRSH
ACNET variable); sigmapassone minus passtwo of the bunchwidth distribution (in mm) of the FW detector(basedon
the T:FW[E,H,V][A,P]SE ACNET variable) versusbunchcentroidpassoneminuspasstwo (in mm) position(basedon the
T:FW[E,H,V][A,P]CE ACNET variable)for odd valuesof Flying Wire DataFreshness(basedon the T:FWFRSHACNET
variable).
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Figure12: Proton beam,horizontal detector:Performanceof the Flying Wire Detectorat the E17 locationduring Tevatron
InjectProtoncase:bunchemittance(in π � mm � mrad

�
versustheremainder of Flying Wire DataFreshnessvariable dividedby

two (basedon theT:FWFRSHACNETvariable); bunchemittance (in π � mm� mrad
�

for oddvalues of DataFreshnessin black
andfor evenvaluesof DataFreshnessin red;DataFreshnessversusstorenumber; theremainderof thebunchnumber(0-35)
divided by two versustheremainderof Flying Wire DataFreshnessvariable dividedby two.
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Figure13: Protonbeam, vertical detector: Performanceof theFlying Wire Detectorat theE11locationduringTevatron Inject
Protoncase:sigmaof thebunchwidth distribution (in mm) of theFW detector (basedon theT:FW[E,H,V][A,P]SEACNET
variable) versusthe remainder of Flying Wire Data Freshness variabledivided by two (basedon the T:FWFRSHACNET
variable); sigmaof the bunch width distribution (in mm) for odd valuesof DataFreshnessin black and for even valuesof
DataFreshnessin red; bunchcentroid(in mm) position(basedon theT:FW[E,H,V][A,P]CE ACNET variable)versusversus
theremainderof Flying Wire DataFreshnessvariable dividedby two; bunchcentroid (in mm) positionfor oddvaluesof Data
Freshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure14: Protonbeam, vertical detector: Performanceof theFlying Wire Detectorat theE11locationduringTevatron Inject
Protoncase:passonesigmaof thebunch width distribution (in mm) of theFW detector (basedon theT:FW[E,H,V][A,P]SE
ACNET variable) versusthe remainder of Flying Wire Data Freshnessvariable divided by two (basedon the T:FWFRSH
ACNET variable); passonesigmaof thebunchwidth distribution (in mm) for oddvaluesof DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red;bunchpassonecentroid(in mm) position(basedon theT:FW[E,H,V][A,P]CEACNET
variable) versus versustheremainderof Flying Wire DataFreshnessvariabledividedby two; bunchpassonecentroid(in mm)
positionfor oddvaluesof DataFreshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure15: Protonbeam, vertical detector: Performanceof theFlying Wire Detectorat theE11locationduringTevatron Inject
Protoncase:passtwo sigmaof thebunchwidth distribution (in mm) of theFW detector(basedon theT:FW[E,H,V][A,P]SE
ACNET variable) versusthe remainder of Flying Wire Data Freshnessvariable divided by two (basedon the T:FWFRSH
ACNET variable); passtwo sigmaof thebunchwidth distribution (in mm) for oddvaluesof DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red;bunch passtwo centroid(in mm) position(basedon theT:FW[E,H,V][A,P]CE ACNET
variable) versusversustheremainderof Flying Wire DataFreshnessvariabledividedby two; bunchpasstwo centroid (in mm)
positionfor oddvaluesof DataFreshnessin blackandfor evenvaluesof DataFreshnessin red.
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Figure 16: Protonbeam,vertical detector: Performanceof the Flying Wire Detectorat the E11 location during Tevatron
Inject Proton case:sigmapassoneminuspasstwo of thebunch width distribution (in mm) of theFW detector(basedon the
T:FW[E,H,V][A,P]SEACNET variable) versusthe remainderof Flying Wire DataFreshnessvariabledividedby two (based
ontheT:FWFRSHACNETvariable); sigmapassoneminuspasstwo of thebunch width distribution(in mm) for oddvaluesof
DataFreshnessin blackandfor evenvaluesof DataFreshnessin red;bunch centroidpassoneminuspasstwo (in mm) position
(basedon the T:FW[E,H,V][A,P]CE ACNET variable) versusversusthe remainder of Flying Wire DataFreshnessvariable
divided by two; bunchcentroid passoneminuspasstwo (in mm) positionfor oddvalues of DataFreshnessin blackandfor
evenvaluesof DataFreshnessin red.
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Figure 17: Protonbeam,vertical detector: Performanceof the Flying Wire Detectorat the E11 location during Tevatron
Inject Protoncase: sigmapassoneminuspasstwo of the bunchwidth distribution (in mm) of the FW detector(basedon
the T:FW[E,H,V][A,P]SE ACNET variable) versusbunchcentroidpassoneminuspasstwo (in mm) position(basedon the
T:FW[E,H,V][A,P]CE ACNET variable); sigmapassoneminuspasstwo of thebunchwidth distribution (in mm) of theFW
detector(basedontheT:FW[E,H,V][A,P]SEACNETvariable)versusbunchcentroid passoneminuspasstwo (in mm) position
(basedontheT:FW[E,H,V][A,P]CEACNETvariable) for evenvaluesof FlyingWire DataFreshness(basedontheT:FWFRSH
ACNET variable); sigmapassone minus passtwo of the bunchwidth distribution (in mm) of the FW detector(basedon
the T:FW[E,H,V][A,P]SE ACNET variable) versusbunchcentroidpassoneminuspasstwo (in mm) position(basedon the
T:FW[E,H,V][A,P]CE ACNET variable)for odd valuesof Flying Wire DataFreshness(basedon the T:FWFRSHACNET
variable).
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Figure18: Protonbeam, vertical detector: Performanceof theFlying Wire Detectorat theE11locationduringTevatron Inject
Protoncase:bunchemittance(in π � mm � mrad

�
versustheremainder of Flying Wire DataFreshnessvariabledividedby two

(basedon theT:FWFRSHACNETvariable); bunch emittance (in π � mm� mrad
�

for oddvaluesof DataFreshnessin blackand
for evenvalues of DataFreshnessin red;bunchemittance(in π � mm � mrad

�
versusstorenumber; theremainderof thebunch

number (0-35) dividedby two versustheremainder of Flying Wire DataFreshnessvariabledividedby two.
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